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SUMMARY

This test project was conducted by
the U, S, Army Aviation Test Activity,
Edwards Air Force Base, Californila, to
determins the performance of CV-28 alr-
planes when utilizing surfaces and ene
vironments similar to those encountered
during the Alr Force Project Rough Road
Alpha,

The areas used for these tests were
the same ones used by tha Air Force
during Project Rough Road Alpha, They
included the Scuth Base rurmay at
Edwards AFB, California; a soft clay
rurway at Harper's Ory Lake, California;
and a soft sand runway at the Marine
Corps Auxillary Air Station, Yuma, Ariz-
ona. From these tests it Is concluded
that the takeoff and landing performance
of the CV-28 airplane, when operating at
its maximum gross weight of 28,500 pounds,
is better than thst of the C-1308 and
the C-1238, even when these airplanes
are operating near minimum practical
gross weights (see Tables 111 and IV,
Tect Results). The takeoff and landing
performance or the CV-2B operating at
maximum gross weight is either equal to
or better than that of the JC-1308, the
NC-1308, and the YC-123H, The CV-28
equipped with reversing propellers
demonstrates lsnding performance that is
considerably better than that of any of
the airplaues tested during the Air
Force Project Rough Road Alpha,

The tables on the following page
summarize the takeoff and landing
performance of the CV-28B,

These tests were accomplished using
standard production=line CV-2B airplanes
without modifications., The only air-
plane problem encountered during these
tests was a high rate of wear of wheel
bearings and axles during operation from
a soft sand surface, Some propeller
nicking and erosion occurred during
operation from the sand surface; however,
the propeilers on the two test airplanes
finished this program in serviceable

condition. A better wheel bearing-axle
s2al nust be developed and evaluated by
service test before the (V-28 can te
satisfactorily operated from sand run-
ways for extended periods,

Analysis of the structural loads
encountered revealed that all critical
landing year structural loads ronitored
during the project wers well under linmit
design strength, No damage or parts cone
surption was encountered with the two
test aivplanes other than that of the
wheel bearings and axles previcusly
mentioned,

The use of reverse thrust during
landing roli-out shortened the total
distance required to clear a 50~foot
obstacle by approximately 38 percent on
the concrete and soft clay surfaces and
by 2pproximately 25 percent on the sand
surface. The difference in percent
improvement in landing performance re~
sulted from the use of a more conservative
technique on sand to minimize propeller
blade erosion.

A 25-degree flap setting provided
the cptimum configuration for a takeoff
from all surfaces. GBoth 15- and 30-
degree flap settings produced longer
total distances to clcar 50 feet., A
takeof f technique in which a full up
elevator deflection was utilized from
brake raléasa unlii 1ift-off atcitude
was achieved produced maximum takeoff
performance on all surfaces,

The small nose gear tires, size
7.50 x 10, were evaluated during the
sand field operation and subsequently
replaced with the {arger nose gear tires,
size 8.50 x 10, fitted with inner tubes,
On the sand surface, nose wheel flotation
was critical during small radius turns,

The contractor's airspeed position
error data for the takeoff and landing
configurations in the Operator’s Manual
did not represent the actual value en-
countered during takeoff and landing
situations, The data collected during
this project, together with the results
presented in the AFFTC-TR-60-4, showed
that a3 negative position error night te
oresent under these conditions.
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k, References

A list of refercnces wilf be found in
Part 111, Annex D,

8. Agthority

Aathority for the tests conducted in
this report was raceived verbally from iq,
U.S. Army Test 3ad Evaluation Command,

The purpose of this test program was
to measure the takeaff and landing performe~
ance of the CV-28 airplane on unprepared
surfaces, .

C. Aircrafr Description -

Two CV-28 airplanes were utilized for
the conduct of this project. Both weve of
recent manufacture and were manufactured by
CeHsvilland Aircraft of Canada. Both 2ir-
planes were operated in 2 standsrd service
configuration with the exception of tha test
instrumentaticn which was installed to cecl-
tecy tha data required tc meet the objec-
tivas of the program, Ho landing gear doors
or other panels were removed during operxe
tion at the unprepared sites, and all com-
ponents of the landing gear were standard
Cv=28 parts, The alrplanes were fitted with
the Familton Standard propeller, Modeld 4050-
659, which atlowed reverse pitch operation
for improved traking, Engine power during
reverse pitch operation was }imited to 37.5
inches of manifoid pressure wirich correse
ponded to 70 percent of the rated engine
takeoff shaft horsepower,

Airplane, Serial Mumber 62-4179, was
instrumented primarily to rccord the strains
snd loads in the zritical wembers of the
msin and nose landing gear, These critical
members werc selected by DeHavilland Air-
craft, and ol) were pin ended and tubular,
thereby insuring accurate load measurements,
The measurcd lcads were reliable and accur-
ate indicators of whether design iimit loads
were being exceeded efther in the landing
gear or in other portions of the airplane
structure,

Airplane, Serial Number 62-4176, was
used primarily to gather performance data,
The airplane was instrumented and the in-
strusentation maintained by U,S, Army Avia-

tion Test Activity personnel. Iastrurenta~
tion inciuded the sensitive gages nacessary
to determine power, spsed, and atrospheric
conditions, An oscilliograph with appreprie
ate pickups wat alsc iastalled to record
vertical and longitudina) acceleration at
the center of gravity £€.G,), A detailed
listing of the instrumentation installed in
this airplane is contained in Part I} of
this report.

0. Background

Pursuant to a request fron the Secre-
tary of Defense to the Secretarics of the
Army and Alr Force, the U.S. Army Hateriel
Command was directed to conduct an 'bff
runway' hardwere test of the (V-28 Caribcu
airplane, The Secretary of Defense's re-
quest was intended to resolve the differ-
ences of opinion existing between services
coacerning the celative capabilities of the
€~123, C-130, and CV-28 airplanes to opere
ate from unprepared surfaces,

Since the USAF kad already determincd
capabiilities of the various C-123 and C-130
sirplanes to operate from unprepared sur-
faces (see report of Project Rough Road
Alpha, reference 1), it was agreed between
the Department of the Army and the Depart-
ment of the Ale Force that the report of
Project Rough Road Aipha (FTC-TOR-63-8)
would be supplemented by an identical test
of the CV-28 and thst these reports togeth-
er with the standard handoook data (brown
book) would mcet the Secretary of Defense's
requirements.

By aarcement between Lt Gen Owight E.
Beast, CRU, and Lt Gen Ben Harrell, ACSFOR,
Col &. J. Rankin, President, Army Aviation
Tess Zoard, then on TDY with Office of Chief
of Staff, U.S. Army, was appointed the De-
parinent of Army Project Officer. With the
concurrence of CG, U.S. Army Materiel Com-
mand, and €6, U.S. Arwy Test and Evaluation
Cornsnd, Lt Col R. J. Kennedy, Jr, was di-
rected to conduct this test at U.S. Army
Aviation Test Activity, Edwards AFB, Calif-
ornia, supported by the U.S. Army Aviation
Test Board, U.S5. Army Aviation and Surface
Hateriel Command, 1ith Air Assualt Division,
V.5, Army Aviation School, U.S, Army Engin-
eering Waterways Erperimental Station, De-
Havilland Aircraft, and Hamilton Standard.
The USAF requested through the Air Staff




Action Officer, L1t Col John Smitk, W, USAF,
author{ty to send Qir Force observars to the
test, This authority was graated; howiver,
nc USAF shservers {per se) 22¢ xnown 2o hive
visited any of W% iuat sitss duripg the
conduct of tha teste.

Alr Force suppert of this tasting was
cbtalned through Flight Scheduling Brosch,
Alr Force Flight Test Centur, Edwards A€B,
Callfornia. This support included site
scheduling, cra~h reszue equlpment and
serviceés suppert, phoiographic support,
weight and belancs servicss and ajr traffic
controi &3 nacessary in the &dwards Xie
force Bause area.

USAF SAC expressly gpproved the use of
Harper's Dry Laka by the U,S. &rmy Awiation
Test Activity ss 2n unprepared surface test
site.

The U.S, Marine Corps Auxilizey Alr
Station, Yume, Arfzons, parmitted use of
the sand area at that airfield that had
been used for Project Rough Road Alpha and
provided other normal airfisid services and

support.

€, Test Objectivss

The objective of this test was to ob-
tain data for the CV-28 airplane that would
be representative of operatlion under the
same unprepared field conditlons as werse
used for the U.S. Air Force Project Mough
Road Alpha tests of the C-)308, the C~1238,
the JC-130B, the NC-i308 (BLC), and the YC-
123H airplanes. The results of the Air
Force tests are prasented in roference i,
Annex O,

F, Test Resylts

This report presents the results of
tha tests of the CV-2B conducted to deter-
mine operational capabilities of the alr~
plane when operated from unprepared sur-
fuces essentially jdentical to those
utilized during the Air Force Project
Rough Road Alpha tests. These tests were
conducted from 20 July through 1 August 63,
by the U,S, Army Avistion Test Activity,
Edwards Air Force Base, Californla, Per-
sonnel from the following activities and
agencles participated in the test: U.S,
Army Aviation Test Board, U.S., Army Avia~

tion and Surface Materiel Cormand, 11th
e Aasault Division, U.S, Army Aviazlon
Schoel, UeS. Army Enginearing ¥oterways Ex»
parisentel Station, DeHaviiland Alveraft,
and Hemilton Stardard. Uhservers: ware also
present from He, U.S. Asmy Codat Develope
weats Comsand 2nd ¥g, U.5, Army Test and
Evatuation Comand: A list of participants
iy Included in Annex &

The data presanted in this report iz
in Final form, ¥No intarim reports have
been submitied.

Three types of rumway surfzces wers
utitized for thess teidts: eoncrers, soft
clay ¢nd scft send. The concrats and soft
Clay slles =ere located In thu viginity of
favards AFE, Callfornia, end the soft sand
site wos “located at the Marine Corps Auxil-
fory Alr Staticn, Yuma, Zricona, The tests
were concduciad 10 determino the reprassnta-
tiva performance available from the Cy-23
aizpiane opersting at maxioum gross weight
{28,500 pounds} under the rurwey surface
conditions llsted. ths steustural loads
induccd In the critical membars of the
tanding gear were 3130 recordsd.

A3l data presented in this report is
considered to be representative of typical
fleld operation. For the conditions of
every performance landing data point gre-
sented In this rsport, the sirplane could
be taxjed unassisted after making a comm
plete stop following the lending roll-ouk.

Gener.

The two test airplanes were opurated
on a paved surface to obtain representative
data for the 28,500 pound gross walgnt
prior to testing on soft clay and soft
sand runway surfaces. The CV-2B has &
tapering center of gravity versus gross
weight envelope, and the center of gravity
was established at the mid point (35 per-
cent mean aerodynamic chord) at the gross
weight condition during the tests (28,500
pounds). ‘the main tire pressures used
during the conduct of these tests were 40
pounds per square inch (psi), the maximum
value specified by T0 55-1510-206-20, Mo
attempt was made to evaluate thz effect of
changing tire pressure or to optimize tire
pressure during these tests.




The soft sand site used In these tests
represented the most severe condition that
was encountered, The sand at this site was
so soft that standard motor vehicles could
not to oparsted on its surfacs,

At both the soft clay and the soft
sand sites, visibility from the cockpit
during landings in which reverss thrust
was utilized was severly reduced due to
blowing dust and sand. When the alrplane
stopped within this cloud of blowing Jdust
or sand, taxi operations were curtailed
unti! the resulting cloud dissipated.

No airframe or apparent engine damage
was sustained by elther tes: airplane as 3
resuit of the tests, Fuselags clearances
wers ample even In the soft sand. Wheel
bearings proved to be the major wear item
during operations at the soft sand site,
and several sets had to be replaced, The
wheel bearing and axle seals were inade-
quate in preventing sand entry, [t was
avident during the operation in the soft
sand site that propeller erosion was higher
than normal,

Ho attempt was made during this lime
ited project to evaluate the minimum soil
strength that would support CV-28 opera-
tions, During the course of the project,
the effect of using the smallest tires
available in the supply system for the nose
gear of the CV-28 (7.50 x 10) was evalu~
ated. This was done at the soft sand site
since it was obvious that the soft clay
site presented no difficulties for the CV-
78 operation.

Ground Handlin

Ground handling characteristics were
evaluated on concrete, soft clay and soft
sand with the following results:

1. Concrete surface - Ground hand-
ling qualities of the CV-2B on concrete
were excellent, Eight hundred to one thou-~
sand engine rpm was sufficient to keep the
airplane moving with light braking as re-
quired to control taxi speed, Nose wheel
steering was effective in maintaining di-
rectional control, Taxi procedures as
specified in the 'Operator’s Manual, AC-}
Aircraft' are applicable and adesuate.

2, Clay surface = Ground handling
characteristics on a clay surface were un-
changed from those observed on concrete
except that an increased average power level
was required to maintain taxi speed due to
the increased rolling resistance and lrreg-
ularity of the clay surface. The additional
power incremant required was not excessive
and was acceptable for wontinuvous taxi oper-
ations,

3. Soft sand surface « Ground hand-
ling characteristics deteriorated on the
soft sand surface., This was especially
evident during small radius taxiing turns.
Heavy braking did result in rutting 4 to 8
inches deep during ltanding rollout, and
braking was not applied to a complete stop
but was moderated 30 that approximately the
finsl S knots of taxi speed was dissipated
by ground friction alone. This was neces-
sary to prevent sand from piling up in front
of the wheels after the airplane came to a
stop.

As 3 result of the above braking tech-
nlique, all landings and takeoffs on sand
for which performance parameters were ob-
tained were completed without {mmobiliza-
tion of the airplane.

installation of the smaller nose gear
tires during testing at the Yuma Marine
Corps Auxiliary Alr Statlon soft sand test
site showed that these tires (7.50 x 10)
had insufficient flotation to allow practi-
cal use on that surface. No particular
problem was encountered while taking off
and landing, but taxiing operations were
characterized by the nose wheel plowing
soft sand areas during nose wheel steering
operations and the resulting sand pile-up
caused a Joss of directional control and in
some cases caused the alrplane to become
iemobilized., After each immobilization, the
alrplane was taxiied out of ruts after re-
moving sand from in front of the nose gear,
Due to the improved flotation characteris-
tics of the large nose gear tires, it was
determined that large nose gear tires should
be fitted during operation from this type
of surface, which would permit operation
from sand surfaces.

The standard nose wheel bearing dust
cover installed on the test airplanes was




not effective in keeping sand out of the
bearings. On one occasion, the nosa wheel
bearings on test alrplane Serial Humber 62-
4175 were rendered unservicesble a“ter one
takeof £ and one landing on the sand surface
because of sand penetration into the bear-
ings.

Oue to sand ingestion, the nose wheel
axle on alrplane Serial Number 62-4175 was
found to be scored and galled after 6 land-
ings and takeoffs on the sand surface,

The small 7.50 x 10 tubeless tires
instailed on the nose gear of alrplane Ser-
jal Number 62-4175, In one instance, had a
complate loss of alr when the tire besd was
forced from the rim. This was caused by »
side load during taxi, Skidding during
landing, takeoff and taxi caused 3ide loads
which forced the tire away from the rim,
causing, in one case, a complaete loss of
air from the left nose wheel tire. This
condition warrants the use of tube tires
for all operations,

Reverse thrust up to maximum reverse
power was [neffective in freaing the air-
plane once It was immobilized during taxie
ing operation. The only solution was to
hand dig the wheels frea of the sand accu-
mulation after which forward thrust was
successful In extricating the alrplane.

Takeoff Parformance

Tha results of the takeoff perform-
ance tests conducted, including the similar
values encountered for the various air-
planes used during the U,S, Alr Force Pro-
ject Rough Road Alpha test, are presented
in the table on page & (Table 111).

The results of these tests show that
the CV-28 performance at maximum Gross
welght s equal to or better than the per~
formance of the heavier airplanes operating
under severely reduced gross weight condi-
tions and resuited in no structural damage
to the airplane,

The data analysis technique used to
reduce the test data to standard sea-level
no-wind conditions was the same as that
used for Project Rough Road Alpha (see
AFFTC Technical tinte R-12, "Standardization

of Takeoff Performance Measurements for
Airplanes,” author, K. J. Llush,)

Minimum Run Takeoffs:

Ninimum run takeoffs were easily
accompiished on all three surfaces, Oper-
ator's Manual procedures were used with one
minor exception. The exception was that
maxjmum performancs was achleved by an
application of full aft control! column
movement prior to achieving elevator effec-
tiveness speed during ths tokeoff roll and
by hoiding the colum full aft until the
alrplane rotated to 1ift-off attitude.
When a 25-degree flap setting is used at
the gross weights aad £.6.°s tested, this
takgoff technique is ro¢ difflicult ond the
corract ciimb attitude my be easily esteb-
1ished, When the above technique was utile
jzed, airplane rotation occurred at approx=
Imately 56 to 57 knots Indicated alrspesd
depanding upon gross weight and (ift-off
occurred at 58 to 60 knots Indicated air~
spscd, A climb attitude was easily estab-
1ished with minimum control movenenat, sad
minimum distance was achleved by not aliow-
ing 1ift-off indicated airspeed to increase
more than 5 or 6 knots as the alrplane
climbed through 50 feet.

Special Takeoff Considerations
Depending Upon Runway Surfacs:

Soft Clay:

" The tests conducted on the soft
clay surface ylelded the following inform=
stion in additicn to the performarce dats.
The 25-dégree flap setting was detersined
to be the optimum flap setting for takeoff,

vand the use of a fuil aft control coluwn
from brake release produced minimum take~
off distances, The results of the test
revealed that the use of 15-degree flap
settings on this surface increased takeoff
distances through 50 feet by approximstely
120 feet,

A 30-degree takeoff flap setting
used on this surface resulted in 3 slow
airplane acceleration rate and Incressed
the ground roll approximately 100 feet,

Soft Sarus

Takeoffs from soft sand required
nn special considerstions other than »




slight increase in effort to maintain di=-
zactional control of the alrplane unti)
1ift-off, As with the other surfaces, 2

full aft yoke from brake releass to the
achievement of attitude produced maximum
performance with the airplane,

PHOTO 2 - TAKEOFF ON UNPREPARED SAND SURFACE - YUA ARITZONA
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din form

Landing performance dasta on the vare
fous surfaces was accurulated by using
normal Operator's Manual recommended mini-
mum run landing techniques, The technique
utilized a 4O-degrea flap setting, constant
alrspeed on final approach, an idie pewer
setting, and the use of a rsasonable rate
control column deflection to flare the air-
plane Into landing attitude, The resuits
of thess tests are presented In Table IV
on the following page, Reverse propeller
pitch was used after the nose gear was on
the ground for the remainder of the land-
Ing roll for thos Jita points so noted,
The braking action used during these tests
was the technique recommeénded vy the Upere
ator's Manual and was qualitatively evalu-
ated by the project pllots as moderste to
heavy braking. It should be noted that the
original set of tires was utillized for both
sirplanes throughout the conduct of this
program, These tires were still service-
able at the end of the program, High wheel
and tire temperatures due to heavy braking
were not encountered at any time,

Special Landing Considerations
Oepending Upon Runway Surface:

~fa £
Soft viay?

Landings on the soft clay
surface were easlly accomplished by using

the same techniques as were used on & dry
concrete surface, Llanding gear structural
loads were similar to or less then the
loads encountered during similar operations
from dry concrete, (See Table V) Total
distances were dacreascd over the same
types of landings conducted on dry concrete
due to the braking effect ocbtained in the
dust on the soft clay surface, The brakes
can be locked and the wheels skidded in the
dust without the condition being detected
by the pilot in the cockpit, Hinimum
ground roll distances were obtained by r
combination of propeller reversing and mod-
erate to heavy braking,

Soft Sand:

Landings on the soft sand
site were accomplished by using the same
techniques from flare to touchdown as were
used on the othar surfaces., After touch-
down, however, maximum braking effect was
obtained by locking the wheels with the
brakes and allowing the main gear to plow
through the soft ssnd, This resulted in
an energy transfer from the airplane into
the sand ond was effective in slowing the
airplane, There was {nsufficient rolling
frigtion drag from the sand tc slow the
sirplane effectively without the use of
wheel brakes. In one case, 800 feet of
ground roll was used without brakes and
the alrplane siowed only 20 feet per sec-
ond,

TV ans v et apnm, -

e
..
' vy
DR T kP B at? - M.'
T e LS Py
-t ale T
"

I 3 DLl s .
MRS IITIRE R S e Ll e e

- "o

. i
i Lo

: e S X TN
AL A P e T ———I PO
IR T s e LR i L AT LS

Rt S

2 .
Rl ol Sy
e - a ot

., I3
LZrd a0

-

PHOTO 3 - LAMDING ON UNPREPARED SAND SURFACE

7




u. aﬂﬂixij. 5
X 7 Alug uorady Bupyasg

.q ...5 {edouy wc.Cgos

T

? :m, &w@m ﬁ

xﬁ

o m.mm&ﬂo.ﬁm Gy ~§8, ‘

\oﬂn ~Pe 2 ,—

N.. L3 090 0°6LiE (09)00 ) PE2L-9A |
?3.& 0'06170°28:(09) 001 5§10 ¥

{00l ; Rials 0°coliorig! w.svs_vmmmm:mﬁ ot$. 35 o9l

..mgwa,.& ..!ﬁ.x #3:tot) 2 M wsae.;w. ‘

TR LAR A M Gsﬁ Hiaiila) pog R L
¥ * uk@ _.»wﬁw :wm dw. Q(Kmm.m S .

.‘vﬁ.\ sw»a\

EIh < A i 25 .

8 PRTRESL kw oy e LIRS &wmo.m‘mwmxwww».mas\ £ UO%T} | 000 10 Fédgi-om |
3 _m« _....nmummwho,\. c.: .&s* W?SS.. m_%w‘m.wudpfmw.mrﬁ - voY mr«..,m,.oo.._w., So.ww : w......, ) - m
Antn X1 @.hw 04008 moas.&wm@‘Mam;..nc.ﬁ;. 016 Safocat}foooiok by ¢ 4
=AY rs 27 w:il, SoTgodtogool ik ik est 4 7 oonef | oootdel fbakioof
AT &m n.now&:.e.m.wss._ “m.?nf fmwmaw..\,.xmwa@ §§. 25 oaL] f oon*sal i X
510 %,M 33._...3 v.ﬁé.m, ?sgfw% u...., 056,551 000 T otegjoetiol oy
TAr w..ﬁ.”.wmm.m&‘.ww@ 951001 1 2 ogs 2 ﬁssfw_s.. i | Dosiy Joobsay pooti-a
F g ,..iw; %{:% (o400l .iﬁﬂ V3 %Sy Eoos gz] k- az-ad §

m

6" . oka ., 526 1} 00s'se

.a___..ﬂj

L.o 4 7 ucu mitl

.ﬁmw@ﬁ omswcnmut.\wp ﬂ.ﬂ :P_u. 0
5 'y N w »

0Ly - * (o) 008 “,..ma..., oSy 00§,

e+

ol 8-
PP
~
s om b mmbaliad e

_ ..mﬁ.

._%

CRE

“»

Ko arn e aws Oy -k. ,vl!»- ~e vea Al A mmimr - M - .

ANViams _38...2 iGNV
Al 28v4 ) . )

B - - - . —— d

o




A nore consarvative reverse thrust
technique was used during operations from
sand than from the other two surfaces in
order to minimize the probability of pro-
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peller and engine damage, MNinimum ground
roll distances were obtained by a combina=
tion of reversing and maximum brake appli-
cation,
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Miscellaneous

it was noted during this program that
there may be a negative position error pre-
sent in the airspeed systems during takeoff
and landing operations In ground effect
(see Figure I, Part 11). This conciusion
Is borne out by the results of the YAC-]
test conducted by the Air Force Flight Test
Center and should be thoroughly investigat-
ed in order that proper approach and touch-
down speeds may be recommended for landing
operations. The position error data pre-
sented in the Uperator’s Hanuai is not ade~
quate to determine position error accurats-
ly during takeoff and landing cperations.

This particular area is critical since
each additional knot of speed at lift-off
causes an increase in ground roll of approx-
imately 30 feet and each additionai knot

of alrspeed at touchdown Increasss ground
roll 60 feet.

With the material in the 2bove para-
graph taken into consideration, it is also
concluded that the standard airplane alr-
speed Indicator Is inadequate to allow ac-
curate control of the airplane during land-
ing and takeoff,

The results of these tests indicated
that the takeoff dats presented in the Op-
erator's Kanual as results of AFFTC tests
and contractor tests was considerabiy con-
servative when compared to the actual pere
formance available from the airplane, Suf-
ficlent testing should be conducted with a
Cv-28 airplane to provide Hanual takeoff
and landing data that is accurate for an
airplane equipped with reversing propellers,
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PHOTO §
CV-28 A4 GEAR

COoNCLUS!

A,
. W

As a result of the information pre-
sented In Section F of this report, it is
concluded that:

I. The takeoff and landing perform=
ance of the CV-2B airpiane operating at
maximum gross weight exceeds that of the
C-1308, JC-1308, NC-130B, and the C-1238.

2. The takeoff and landing perform-
ance of the CV-28 operatlions at maximum
gross weight exceeds that of the YC-123H
at all gross weights and conditions tested
except for takeoff in soft sand at a gross
weight of 47,000 pounds. At this gross
weight, tne ¥C-iZ3H couid carry iittie, if
any, payload on a normai combat mission.

3. The airfrane structure of the CY-
2B at maximum gross welght is suitable for

repetitive operations on unpregared sur-
faces.,

4., A 25-degree flap setting is opti-

mum to obtain maximum takeoff pcrformance
from any surfacs,

S. The standard wheel bearing seals
are not adequate to prevent sand penetra-
tion of the wheel bearings when operating
on 3 soft sand surface,

6. An increased rate of propeller
erosion should be expected during operation
from a sand surface,

7. linstallation of a more sensitive
alrspeed indicator would enhance the capa-
bitity of the pilot to obtain consistent
performance during both takeoffs and land-
ings.

8. The airspeed position error data
for the takeoff and landing configurations
currently presented in the Operator's Han-
ual is not accurate for the actual takeoff
and landing situation and should be deter-
mined to allow obtaining optimum perform-
ance.

n
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H RECOMMENDATIONS

. It is recommended that 25-degree
flaps be used as standard takeoff flaps for
any surface when maxisum performence Is to
be obtainad,

2. It Is recommended that the lsrge
nose whee! tires (8.50 x 10) with tubes be
fitted to the CV-28 for operation under a2}
conditions.

3. It is recommendad that improved
seals be fitted to the bearings of the main
and nose landing gear which will prevent
the entry of sand during unprepared site
operation.

4. it is recommended that sensitive
airspeed indicators be installed in place
of the present airspeed gsgas in order that
consistent performance me obtained dur-
ing both takeoff and lar

Revicwed and Approved By:

Skt 7,

RICKARD J, KEMNIEDY, JR.
Lieutenant Colonel, TC
Comranding
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JEST DATA

A. Data collection and analysis methods,

1. The takeoff and landing data was
taken by means of instrumentation installed
1a the test airplame and by & Fairchild
Flight Analyzer, Installed instrumentation
In each alrplane included:

Airplane Serial Number 62-4175:

Sensitive alrspeed indicator

Calibrated altimeter

Nose gear drag strut load

Left and right main gear drag strut
lcads

laft and right main gear shortening
strut loads

¢G normal acceleration

CG tongitudinal acceieration

Alrplan. Serial Number 62-4176:

Sensitive coplliot's airspeed indi-
cator airspead system)
Sensitive engineer's panel alrspeed

indicator (boom alrspeed system)
Calibrated engineer's panel alti-
meter (boom alrspeed system)
Sensitive pilot's alrspeed indica-
tor (ship's system

Engineer's Panel:

free alr temperaturs

Sensitive Tachometers (left and
right)

Sensitive manifold pressure (left
and right)

Carburetor air temperature (laft
and right)

Oscillographs

€G normal acceleration
CG lateral ac_coloroslm

2, The Falrchild Flight Analyzer was
set up over surveyed locations at sach test
site. From analysis of the resulting
plates, the distance, speed, and altitude
informetion for test conditions was deter=
Ilh.d.

3. All takeoff data was reduced (o
sea~-level, standard-day, no-wind conditions
by the use of the methods outlined in AFFTC
~TN-R=12, by Mr, Kenneth J. lush, entitled
“Standardization of Takeoff Perfromance
Measurenments for Airplanes."

4. Al landing data was reduced to
sea-level, no-wing, standard-day conditions
by the use of the methods presented In
Chapter 6 of USAF-TR-6273 entitled "Flight
Test Engineering Manusl,"

B. FINAL PLOTS Cm
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AVNEX A

SITE SELECTION, SOM. MEASUREMENTS AND
ANALYSIS

INVRCOUCTION

1. The U.S. Army Engineer Waterways
Experiment Station (WES) was requested by
the V.S, Army Avliation Test Activity
(USAATA), Edwards Air Force Base, Califore
nta, by telephune nessage dated 9 July 63,
to assist In t*e selection of off-runway
test sites, make soil measurements and an=
alysis in connection with a test program to
detemine takeoff and lending capabilities
of the Caribou (V-23 alrcraft on unprepared
surfaces, The investigation reported here-
in concerned the selection of test sites
and the obtaining of necessary solls data
to evaluate the strength of soils at test
sites and the effect of aircraft operations
on the soil strength, Hr, Cecil 0. Burns,
Civil Engincer, represented the WES in this
program and prepared this Aanex,

TEST SITES

2, One objective of the over-all pro-
gra= was to obtain performance data for the
CV-28 aircraft on unprepared suzfaces which
could be compared directly with the perforn-
ance of the C-123 and C-130 type aircraft
as obtained from the Rough Road Alpha Test
Program conducted by the USAF during FY
1962, (1) AFFTC TR No. 63-8, "Project
Rough Road Alpha Teke-of f and Landing Cap-
abilities of C-1308, JC-1308, NC-139B (3LC),
C~1238, and YC-172H Aircraft on Off<Runway
(Unprepared) Surfaces.” (2) U.S. Army
Engineer Watenvays Erperiment Station TR
Mo. 3-624, “Aircraft Cperatlons on Unsur-
faced Soil, Soil Heasurements and Analyses
Project Rough Rosd Alpha,' Therefore, it
was desirable to utilize the same unpre-
pared test sites with as nearly as possible
the same surface conditions and soil strength
2s existed during the Rough Road Alpha
tests. The tvo urprepared test sites util-
ized were located at Harper Lake, Califor-
nia, and the MCAR3, Yurna, Arizona,

Harper Laoke - Cl2y Test Site:

7, Tre 2c¢%uct test rumray utilized in

the Rough Road Alpha test was badly rutted
and chopped up from previous operations of
the €123 and C-130 aircraft, Therefore,
in order to obtain about the same Initlal
conditions for test with the CV-28 alrcraft
as existed for the initial conditions for
test with the CV-28 aircraft as existed for
the Rough Road Alpha test, a new runway
1000 feet long was laid out adjacent to
and approximately parallel to the northwest
end of the runway used in the Rough Road
Alpha test, The terrain and soil condi-
tions were essentially identical to that
described in the Rough Foad Alpha Report
{Reference 2), The soil strength was eval-
uated with an airfield penetrometer (photo-
gragh 1) using the same techniques as des-
cribed in the referenced report. The air-
field penetrometer resdings indicated the
soil strength to be quite uniform for the
entire test area for depths of 2 to 18
inches, The surface material consisted of
a dry soft crust, of 1 to 2 inches in depth,
having little or no =easurable strength,
Based on a correlation of aicfield index
and California Bearing Ratio (CBR) devel-
oped during the Rough Road Aipha test, the
initial CBR of the subgrade for the 6 to

12 inches depth was within the range of 2,3
to 3.7. Trese values are within the lover
ranyes of the (BR values measured during
the fough Road Alpha test,

MCAAS, Yunr, “rizons - Sand Test Site:

4, A test runway 2000 feet long was
laid out between station 0400 and station
20400 of the rumway used in the Rough Road
Alpha project. This runway was physically
the save s used in Project Rough Road Al-
pha, although the full length of the orig-
inal runway was not utilized for test with
the CV-2B airplane, The soll was a poorly
graded to well-graded sand supported very
little vegetation, The ares was rclatively
smooth except for bumps and deprcssions
caused mostly by sand mcunds and gopher
holes ranging from 6 to 10 inches in depth
or height, The surface contaired a con-
siderabie amount of partially buricd debris
(rocks, tow cables, etc.), The maximun
longitudinal and transverse graces were
esti~ated to be anout 3 percent, At the
end of the Rough Rcad Alpha program, this
area was badly rutted with longitudinal
ruts of 12 to 15 inckes cdeep. Prior to




tests with the Caribou aircraft, many of
the ruts were still prevalent over the area,
while others were filled with loose sand,
The sand had stabillized somewhat from the
loose state that existed at the end of the
Project Rough Road Alpha., The initial CBR
for the 6 to 12 inch depth as determined

from Airfield penetrometer readings was
within the range of 2.k to 4,2, Based upon
the behavior of the sand during the Rough
foas Alphs test, 1R was anticipated that
the sand would loosen rapidly under alre
craft traffic and that the strength would
decreasa,

PHOTO 1 ~ MEASURING SOil. STRENGTH WITH AN AIRFIELD PENETROMETER
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TESTS AND RESULTS
Harper Lake = Clay Test Site:

S. The CV-28 aircraft was operated at
Harper Lake with maximum gross weight of
28,500 pounds, The main gear was equipped
with 11.00-12 type 111 tires inflated to
40 psi. The nose gear was equipped with
8.50-10 tires inflated to 37 psi. A total
of 30 cycles of operations, (30 landings
and 30 takeoffs), were made., Al ajrcraft
operations were confined to & runway width
of 50 feet with about 95 percent of the op-
erations falrly evenly distributed over the
center 40 feet of runvay.

6. Soil strength determinations made
prior to, during, and at the end of air-
craft operations showed the soil strength
to be quite uniform for the entire runway
and to remain essentially constant through-
out the period of test, The total range

in CBR as determined with an airfleld pene~
trometrometer for the 6 to 12 inch depth
was 2,1 to 3.7 with an average (B8R of about
3. A summary of the test data Is shown in
table 1. This is essentially the same soil
strength as existed In the northwest end of
the runway used in the Rough Road Alpha
program,

7. Taxl and takeoff operations result-
ed in only shallow rutting of less than 2
inches, Landings with maximum effors stops
(braking and reverse propeliers) resulted
in rutting of 4 to § inches during the ini-
tial operations. A qeneral view of rumav
after 13 cycles of operations is shown in
photograph 2, The condition of the runway
surface seemed to improve with continued
operations, 8y the end of 30 cycles of op-
eration, most of the loose crust had con=
solidated or blown of f, photographs 3 and
L, and the rumway arca was rcistively
smooth with a few residual ruts in the or-
der of 1 to 3} inches deep,

—w

PHOTO 2 ~ VIEW OF RUNWAY AFTER 13 CYCLES OF OPERATIONS
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PHOTO 4 - TAKECFF BLAST
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MCAAS, Yuma, Arizona - Sand Test Site:

8. CV-28 aircraft Serial Humber 62-4175
made six landings and takeoffs on 30 July
1963. For these operations, the 8.50-10
tires were used on the nrose gear. No heavy
braking or reverss propellers were used
during landings, and ro difficuities were
encountered In operating tha aircraft on
the sand. Maximum disturbance of the sand
subgrade occurred!during turning and maneu-
vering the aircraft. Ouring turns there
was & tendency for the nose gear to dig in,
leaving ruts In the sand of 4 to 5 inches
deep. On 31 July, the same aircraft made
seven cycles of operations in the same ares
of the runway, For these operations, the
nose gear of the aircraft was equipped with
smatler tires, 7.50-10. For some of the
landings, braking and reverse propellers
wero used. There were no difficulties en-
countered in taksoff and tanding, although
heavy braking did result in rutting of from
4 to 8 inches deep., However, the alrcraft
with the smaller nose gear tires was more
difficult to turn and maneuver on the sand
than when using the larger tires, In sev-
eral instances, the plane was immobilized
during taxi turns in ruts 6 to 10 inches
deep, The immobilization resulted from
the nose gear digging into the sand and
pushing sand forward In front of the nose
gear {photograph 5.) After each lmmobill-
zation, the plane was taxled out of ruts
after removing sand from in front of the
nose gear,

PHOTO 5
IMMOBILIZATION DUE TO RUTTING
AND SAMD BUILDUP ( SAND)

9. Aircraft Serial Number 62-4176 was
operated on the sand subgrade for a tota!
of seven cycles on | August 1963. The
nose gear of this aircraft was equipped
with the 8,50-10 tires., Maxloum braking
and reverse propellers were used during
some of the landings, There were no dif-
ficulties encountered In operating the al.
craft and no immobilization resulted. The
average depth of rutting from braking was
in the crder of § to 6 Inches, However,
in soms instances, deeper ruts were made
as shown In photograph 6,

10. A total of 20 landings and 20 tak
offs were made on the sand test runway,
These operations were falrly well distrib
uted over a width of 40 feet. Soll stren
measurements were mada prior to operation
at the end of 13 and 20 cycles., The soll
strength was wmeasured with an airfield per
etroneter, and the equivalent CBR values

were determined using a correlation of CBR
and airfield index, which was developed
during the Rough Road Alpha test program.
These data are shown In table 2, As can b
noted, the strength of the sand decreased
quite rapidly with continued aircraft traf
fic. By the end of 20 cycles of Spsrstion
the top 12 inches of sand wes thoroughly
loosened and the indicated average CBR for
the 6 to 12 inch depth was within the rang
of 0.8 to 1.8. This strength Is within the
sama range that axlisted at the end of ths

Rough Road Alpha program.
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ANALYSS _OF TEST RESULTS
Harper Lake = Clay Test Site:

I1. As previously stated, the CBR of
the clay subgrade at Harper lake ranged
from about 2,1 to 3.7 with an average of
sbout 3. Since there woere no difficulties
encountered in the operation of the Cv-28B
aircraft on this runway, the minimum sofl
strength from which the aircraft can oper-
ate was not estabiished, However, the alr-
craft performance and soil behavior appear
to be in very good agreement with soil
strength criteria for alrcraft operations
on unprepared landing strips which have pre-
viously been developed at the WES, The

PHOYO § ~ RUTTING RESULTING FROM BRAXING

strength criteria shown in plate |, with
the exzeption of the curve for a 6-kip
wheel load, were taken from plate 3 of WES
T.R. No. 3-554, '"Walldation of Soil-
Strength Criteria for Aircraft Operations
o Unprepared Landing Strips,' dated July
1960. The curve for a 6=kip wheel load
was exatrapolated in order to cover the
whee) loading of the CV-28 alrcraft. The
€v-28 alrcraft is equipped with tricycle
1anding gear with twin wheel assemblies on
both the main and nose gear. Assuming 85
percent of the total gross weight (28,500




pownds) to be carried on the main gear,
each main gear is loaded to about 12,000
pounds or 6,000 pounds per wheel, The ex-
arple of strength ({3R) required in plate

U is for the CV-28 aircraft loaded to
23,500 pounds with msin gear tire pressure
of A0 psi. From this example it can be
nroted that a2 C8R of 2 is indicated as the
required strength for 1 coverage of the
aircraft wheels, The average CBR of the
clay soil st Harper Lake was 3, By follow-
ing the slope of the lines on right hand
plot of plate | (coverages Vs CBR) It can
e noted that a CBR of 3 should support
about 1l coverages of the Caribou aircrafs,
The term coverage as used herein referes (o
one spplication of a wheel load over 2 give
on area,

12, For comparison with the strength
criteria shown in plate 1 the sircraft cy-
cles at Harper Lake were coaverted to cov-
erages based on a tire priant width of 8
inches (which was measured on a paved sure
face) and assusing a uniforn lateral dis-
tridbution of traffic over a 40 foot width
of rumaay, This resulted in 0.2 coverage
per aircraft cycle (one takeoff and one
landing) or a total of 6 coverages on the
clay site., These computations along with
the criteria shown on plate | indicates
that the rurway at Harper Lake would have
sustained an additlonal 25 cycles of oper-
ations before any major repair or mainten-~
ance would be required.

MCRAS, Yuma, Arizona = Sand Test Sites:

15. By use of the same conversion pro-
cedure as discussed in the preceding para-

graph, the traffic cycles applied on the
sand runway resulted in about four cover=
ages over the center L0 feet of runway.
The average 28R of the tand for the 6 to
12 inch depth at the end of four coverages
(4o cyc!csg was about 1,0, This Is less
than the indicated minimum CBR required to
support one coverags of the aircraft based
on tha criteria shown in plate |, However,
the strength of the sand is primarily &
function of internal friction and will in-
crease as the degree of coafinement in-
creases. The effective strength of the
loose sand over the low pressura sircraft
tires was adequate to support the aircraft
and was greater than indicated by the (B8R
values, By the end of test operations,
the sand was thoroughly loosened to a depth
of 12 to 18 inches, and from the stand~
point of mooility, it is belleved to rep~
resent the most severe condition that is
likely to be encountered in sand, Gener-
atly, mobility In sand will Improve with
an increase in molsture content, There-
fore, it is belleved that from the stand-
point of soil strength, the CV-28 sircraft
can be operated on any sand except on sand
when in quick condition, Tha operations
will become more difficult as rutting of
the sand surface progresses, and the num-
ber of operations or coverages which can
be applied over a given runway area will
not be limited by sol) strength but by tke
development of rutting and the abllity to
maneuver the aircraft on the sand in short
radlus turns in any cross ruts, For the
Yuma test site, it Is believed that at
least as many cycles or coverages of oper-
ation could be applied on the surface as
estimated for the clay site at Harper take
with little or no difficulty,




CONCLUSIONS

14, ¥From the data presented herein,
the follewing conclusions are believed
warranted,

a., The CV-20 (Caribou) aircraft
con operate with maximum jross weisht of
23,500 pounds and main gear tire prassure
of 10 psi on ¢ clay subgrade where the
subgrade CBR 1» 2,0 or mare,

b. The clay subgrade at Harper
Lake wizth an average C3R of thrae will
support about 11 coverages of the CV-28
2ircraft at maximum gross weight of 28,500
rouncs and main gear tire pressure of 40
psi.

¢, The CV-28 afrcraft can operate
on any sand area {with the excaption of
quicksand) at mexiaum gross welght of
28,500 pounds and a main gear tire pressure
cf 40 psi where the terrain and other sur-
face factors are acceptadlis,

d, 7. number of alrcrafr covere
ages which can t¢ applied over » soft
loose sand subgrade will depend oniy upon
the development of rutting and the abiilty
to mancuver the alrcraft on the ground,
For the Yuma test site, it Is estinated
that at tecest 1l coverages could hove been
applied with little or no difficulty,

e, Tihe CV-23 zlrcraft has >etter
flotation and maneuveravility on loose
sard whea nose year is equipped with 3,50-
190 tires than Jhen equipped with s~aifer
7-50"0.
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PLAN OF YEST FOR VHE
€V-28 TAKEQEF ANO LANOING EVALUATION, PHASE 111

INTRODUCT 10N

A takeoff and landing evaluation of the
CV 28 '"Caridou alrcraft will be conducted
in the Edwards Air Force 8ase ares and at
the Yuma Marine Corps Auxiliary Alr Station
by the U.S. Army Aviation Test Activity.
The tast aircraft is schaduied for delivery
on or about 15 Suly 1963,

The proposed flight test program estabe
tishes a requirement of ten productive flye
ing hours oa the alrcraft, This schedule
may be adjustcd depending upon the addition
of other loading and center of gravity con-
figurations which would require additional
fitght test time for evaluation,

JEST PURPOSE

The purpose of this evaluation Is to
deternine takeoff and landing ground roll
distance along with total distance to clear
3 50-foot obstacle on two types of unpre-
pared alrfields, The surface of these une
prepared airfields will consist of sand
and soft 4ry clay with California Bearing
Ratic (CBR) ranges of from 2 to §.%

*California Bearing Ratio (CBR) is a meas-

ure of the resistance of soils to penetra-
tion; It is determined by comparing the
bearing value obtained from a penetration=~ |
type shear test with a standacd bearing
value obtained on crushed rock (averags
value from tests on a largs number of sam~
ples). The standard results are taken as
100 percent, and values obtaired from other
tasts are expressed as percentages of the
standard,

CONDITION CF THE AIRCRAFT RELATIVE TO TESTS

A, Description

The DeHavilland CV-28 ajrcraft is
& cargo transport, all-retal, twin-engine,
high-wing noncplane with fulfy retractable
tricycle landing gear. It is powared by
two Pratt and Whitney R-2000-13 radisl en-
gines, The sea level standard day engine
rating is 1450 brake horsepower per engine
at takeoff, 1200 brake horsepower for max-
imum continvous (normal rated power) and
725 brake borsepower for maxirua continuous
lean mixture settings, (Each engine is
equlpped with a three-bladed, reversing,
Ham}1ton Standard hydromatic propeller.}

7




-

General Olmensions

Overall length 72 £t 7 in
Overall height 21 ft 9 In
Wing spen g6 f2 ¥ in
Wing ares (total) 92 sq ft
Fue) capacity 828 u.5. gal
0i1 capacity (per engine) 22,2 U.S. gal

C. Design Limitations of the sirplane are as follows:

Linit toad Factor (for gross weight of 26,000 1b):

Maneuvering
Positive 29
Negative -1.5
landing 2,0

Airspeed Limitations (for gross waight of 26,000 1b):

Never Exceed 212 kts (IAS)
Maxinum Criising Speed 170 kts (1AS)
Maxinum Speed (40° Flaps) 80 kes (1AS)
taximum Speed (30° flaps) 85 kts (1As)
Maxioume Speed (gear extended) 120 kts (IAS)

Niscellareous:
Haximuw takeoff gross weight 28,500 1b

Maxinus landing gross weight 28,500 1b




0. Weight and Balance

The eirplane will be weighed with full
oil and full of fuel. The capacity of each
fuel tank will be determined by means of
calibrated fuel nozzie, The ship's fuel
quantity indicators will be calibrated by
the same means with the aircraft in 8 nore
mal three-point attitude.

TEST SUPPORT
A, togistics
1. Haintenance

The test alrcraft will be maintain-
ed by the U.S. Army Aviation Test Activity
with the aid of military personnel. ATA
will be required to furnish all replaced
parts, fuel, inspection, etc. ATA person-
nel will be required to accompany the test
alrcraft to all test sites,

2. Instrumentation

The following test Instrumentation
will be required for the CV-2VB. The basic
recording equipment will consist of an eng~
ineer*s panel and oscliipgraph (nine-chan-
rel) located in the cargo compartment,
Alrcraft performance parameters, basic en-
glns parsmeters and flight condition date
will be hand-recorded from the enginecer's
panel, and C.G. normal and longitudinal ac-
celeration will ba recorded on the oscillo-

graph.

The foliowing parameters will be pre-
sented:

Engineer's Panel
Boom airspeed

Boom altimeter

Free air temperature

Hanifold absolute pressure
{for right and left engines)

Carburetor air temperature
(for right and left engines)

Engine rpm (for right and left
engines)

Fuel quantity indicators
(Pitot's Panel)

Dscilt h {qlnenchannet

Linear acceleration, longitudinal
Linear accelaration, normal

Ouring the test program, installed in-
strumentation will be calibrated and sup-
ported by ATA personnel, )

8. Operations

ATA Flight Operations will provide a
project pilot and other tast pilots as re-
quired during the testing period., A sup-
port alrcraft will be required at Harper's
Lake test site,

C. Engineering

This program will require two engineers,
a Fairchild Camera operstor, and an engin-
eering aid, The Faicchild Camera operat-
or's services will be required during the
operational part of the program while the
engineering aid's services are required
during the operational and data reduction
part of the program, The project engincer
will be required unti! the fina) report is
published., A support engineer will be re-
quired durina TDY cperations to direct and
operate the ground station,

D. Outside Support
t, Photo Support
An Air Force photographer will be

required during the entire programz to take
motion pictures and still photographs,

2. Refueling Support

Approximately 1600 gallons of avi-
ation gasolline will be consumed during the
project.




TEST PROGRAN
A, Alrspeed Calibration

The test airspeed doom system will be
calibrated in approximately 19 knot incre=-
ments over the 8vn!hblc alrspeed range in
the takeoff {30 flaps) and approach (L0
flaps) configurations, The calibration will
be obtained by utilizing the Edwards AFB
Ground Speed Course,

8., Takeoff and landing Performance (Paved
Rurways )

Takeof fand landing will be performed
on ths Edwards AFB South Base paved rumway
at the following gross weight of 28,500
pounds to obtain base line data for the
test alrcrafe,

C. Takeoff Performance on Unprepared Run-
ways

Fairchild Fiight Analyzer recorded
takeoffs will de parformed from Herper's
Oy Lake and Yume Marine Corps Auxilary Air
Station on unprepared surveyed and merked
alrstrips. A sufficient number of takeoffs,
using the '"short field' technique, as ocut-~

lined in TH 55-1510-206-10, wil) be record=
ed to determine the muximm takeoff per-
formence using a 30-degree takeoff flap
setting at a gross weight of 28,500 pounds.
e alrspeed at 1ift-of f will be varied

ovar a sufficient range to determine its
effect on ground roll and total distance

to clear a 50-foot obatacle. These tests
will be conducted under calm wind conditions,
Takeoff power will bde cbtained prior to
brake release. Data will be corrected to
ss» leval standard day, 2ero wind conditions.

0. landing Performance on Unprepared Run-
ways

landing distances required to clear &
50-foot obstacla and come to & compiete stop
using the 'short' flald'" techniqus, as ocut-
lined in TH 55-1510-206-10, will be record-
ed using a Falrchild Flight Anslyzer, Data
will be obtained at 28,500 pounds using @
40-degree landing flap setting., These dats
will be reduced to sea leve! standard day
and zero wind conditlions,

CONCLUS 1 ONS

It Is estimpted that the execution of
the flight test plan outlined In the pro~
posed program will be acconmglished in 10
productive flying hours and 15-20 calendar
days. Submittal of a letter report will be
accomplished approximately 20-30 days after

completion of flying.




-

ATA-TP-63-9

PLAN OF TEST FOR THE

CV-28 TAKEOFF AND LANODING EVALUATION, PRRSE 111t

ADDENDUH A

U. S. ARNY
AVIATION TEST ACTIVITY
EOWARDS AR FORCE BASE, CALIFORNIA
TEST AND EVALUATIOH COMMAND
ARMY MATERIEL COMMAND
URITED STATES ARMY

16 July 1963

43




PLAN OF TEST FOR THE

-28 TAKEQFF AN

NOING _EVALUAT ASE

ADDENDUN A

JNTROOYCT? 0N

A CV-28 alrcraft instrumented for land-
ing gear loads under unprupared field con=
ditions will be tested by the U, S, Army
Aviation Test Activity. The aircraft is
:gcgcduled for delivery on or about 19 July

3.

PURPOSE

The purposae of this test will be to
duplicate the performance landings and take-
offs of the CV-28 discussed In the basic
plan of test to determine if Tanding gear
loads impose a jimit on the performance of
the ajrcraft during unpropared airfiald
operation,

SCOPE

The tests with the structurally instru~
wented aircraft will as near as possible
duplicate the test conditions of the per-
formance alrcraft, In addition, prior to
the performance takeoffs and landings in
the soft sand at Yuma, 2 structursily mon-
itored bulldup program will be conducted
with the structurally Instrumented CV-28,
The gear loads will be monitored while the
gross welght of the alrcraft is Ircreased
to determine possible structural operating
limits for the performance aircraft.

WEIGHT AND BALANCE

The same welght and balance and fue!
flow calibration schedule utllized for the
performance aircraft will be conducted on
the structural afrcraft,

TEST SUPPORT

It s anticipated that the structural
aircraft will be flown concurrently with
the performance ajrcraft.

A. Llogistics

1. Halntenance

The sane maintenance arrangements
a3 for the performance alrcraft will be
employed on the structural alrcraft.

2, Iinstrusentation

Ten strain gages and normal (a )
and longitudinal (a_) accelerometers a
being installed by the alrfreme manufact-
urer.

It is expected that ATA personnel
will maintain this instrumentation.

Additional instrumentstion to be
installed wilil probably be minor and will
be determined after the srrival of the alr-
craft. A sensitive callbrasted airspeed
indicator and sltimeter wiil probably be
all that is required.

8. Operations

An Aviation Board engineering test
pilot and a Board copilot will fly the test
aircraft under the direct control of the
ATA project engineer,

C. Engineering

An additional two englineers will be
required to support this project.

0. Outside Support

No additional support will be required
other than an additional 1600 gallons of
fuel,

CONCLUS IONS

it is estinated that the execution of
the flight test plan outlined in the pro-
posed program will be accomplished in 15
productive flying hours and 15 to 20 cal-
endar days. Submittal of 3 letter report
will be accomplishad approximately 20 to
30 days after completion of flying.




ANNEX C
REFERENCES

1, FTC-TOR-63-8, “Project Rough Road Alphs Take-off and landing Capabilities of
C-1308, JC~-1308, NC-1308 (BLC), C-1233, and YC-123H Aircraft on Of f-Rurway (Unpreplred)
Surfaces,™ Aprit 1963,

2, AFFTC-TR-60-41, *'YAC-}DH Category il Performance and Stability Tests,'
Novr.mber 1960,

3. AFFTC~-TN-R-12, "Standardization of Takeoff Perfcimance Measurements for
Airplanes,” by K, J, Lush.

4, USAF-TR-6273, "Flight Test Englneering Manual,"

5. Technical Report No. 3-524, "Alrcraft Operations on Unsurfaced Soil, Soil
Heasurements and Analysis Project Rough Road Alpha,' June 1963, by U, S. Army
Engineering Wateiways Experimental Station, Corps of Engineers, Vicksburg, Miss,

6. T0 55-1510-206-20, "Organizational Maintenance Hanual, CV-2 Aircratt. '’




.

ANNEX O .\ _

KEY PERSONNEL INVOLVED IN THE
CARIBOY TAKEQFF AND LANDING TESTS

Nemg - . Rank Sraanization
John €. Kidwell Civ U. S, Army Avn Test Acty
John T, Blaha ' Civ U. S, Army Avn Test Acty
Rodger L. Finnestead Civ U. S, Army Avn Test Actv
Michasl M, Antoniou Capt U, S. Army Ayn Test Actv
Paul Bankit Capt U, S. Army Avn Test Bosrd
Richard J. Followill Civ U. S. Army Avn Test Board
James 5, Kishi Civ U, S. Army Avn Test Board
A, K, Stewart Lt & Hq, COCEC, Fort Ord, Calif.
John A Baver Civ U. S. Army AVSCOM, St. Louis, Ko,
Raymond J. Cantu Civ U. S. Army AVSCOM, St. Louis, Mo.
Arthur E. Cox ' Civ U. S. Army AVSCOM, St. Louis, Ho.
E. Bowers v Civ OcHavilland Alrcraft
7 John Thompson Civ OeHavitland Alrcraft
Gerald F. Healey Civ Hamilton Standard
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